Abstract Liver transplantation is a therapeutic option of choice for acute and chronic end-stage liver disease. Indications, contraindications, and surgical procedures for the liver transplantation have become well established. In most part of the world, the main source of liver for transplantation remains the donation after brain death (DBD), but in view of increasing death on the waiting list due to shortage of brain dead organs other options such as split liver transplantation, living donor liver transplantation (LDLT), and donation after cardiac death (DCD) have been used. In the pretransplantation era, liver failure was nearly universally fatal, with mortality from fulminant hepatic failure of 80-90 %, and 1-year mortality in decompensated cirrhosis of more than 50 %. In contrast, liver transplantation patient survival is presently more than 85 % at 1 year and more than 70 % at 5 years, emphasizing the clinical benefit of liver transplantation for either acute or chronic liver failure.
Introduction
Liver transplantation is now the treatment of choice for selected groups of patients with end-stage liver disease or liver failure. Liver failure can be either acute (fulminant or subfulminant failure) or chronic (decompensated cirrhosis). In the pretransplantation era, liver failure was nearly universally fatal, with mortality from fulminant hepatic failure of 80-90 %, and 1-year mortality in decompensated cirrhosis of more than 50 %. In contrast, following liver transplantation, patient survival is more than 85 % at 1 year and more than 70 % at 5 years [1] . Thus, the liver transplantation has become the standard of care for either acute or chronic liver failure.
Liver Transplantation for Acute Liver Failure
Acute liver failure (often used synonymously with fulminant liver failure) is defined as an acute hepatic decompensation without history of chronic liver disease, which has progressed from the onset of jaundice to the development of hepatic encephalopathy within weeks [2] . Acute liver failure includes fulminant with the onset of encephalopathy within 8 weeks and subfulminant hepatic failure with the onset of encephalopathy up to 26 weeks from the onset of jaundice-a difference that reflects the greater predominance of brain edema and intracranial hypertension in patients with the shorter interval. Both drug-induced hepatic failure and an indeterminate etiology seem to be more commonly associated with a longer interval ( Table 1) .
Liver transplantation is currently the best therapeutic option for acute irreversible liver failure. Commonly used criteria for selecting patients with acute liver failure for liver transplantation are given in Box 1.
Box 1. Criteria for transplantation in acute liver failure
Early referral to a liver transplantation center is essential due to the following reasons:
(a) It is difficult to predict which patients will recover spontaneously. 
Liver Transplantation for Chronic Liver Disease

Cirrhosis
Cirrhosis due to any etiology should be considered for liver transplantation (Table 2) . Transplantation is usually considered once complications of cirrhosis develop. Certain metabolic diseases can present with liver failure without cirrhosis. This occurs more commonly in the pediatric population, but can occasionally extend into young adulthood. Some congenital abnormalities (e.g., urea cycle enzyme deficiencies, familial hypercholesterolemia, and familial amyloidosis) can present with such severe extrahepatic manifestations that liver transplantation is recommended in the absence of hepatic disease (Table 3) . Finally, miscellaneous chronic disorders may require transplantation in the absence of both cirrhosis and hepatic failure.
Primary Liver Cancer
About 80 % of people with hepatocellular carcinoma (HCC) have cirrhosis. HCC is curable by surgery only if the cancer is small and the patient has adequate hepatic reserve. In patients with hepatic insufficiency or severe portal hypertension, liver 
Psychosocial Assessment
Assessment of the patient's lifestyle, psychologic stability (including his or her perception of disability), and extent of family support requires interaction with psychiatric and social work support services. This evaluation is critical for patients with alcoholic liver disease. The ability to abstain from alcohol after transplantation is predicted by the ability to abstain before transplantation for at least 6 months [7] , and a family and friend support structure.
Selection Criteria and Listing Process
The decision to proceed with transplantation requires careful assessment of the etiology and stage of liver disease, complications of cirrhosis, potential contraindications, and a comprehensive psychosocial evaluation. The severity of liver disease is assessed by the MELD (model of end-stage liver disease) score [8] . This score, based on objective laboratory values, predicts the 3-month mortality of patients awaiting liver transplantation. The MELD score incorporates serum creatinine, serum bilirubin, and INR. There are MELD calculators available online at several websites.
Recipient Operation
When a suitable donor is identified, a rapid evaluation of the recipient is performed to exclude potential contraindications (e.g., infectious and cardiovascular) that may have arisen during the waiting period.
Standard Surgical Technique
The recipient operation consists of total hepatectomy of the native liver followed by implantation of the donor liver. The native hepatectomy can be technically difficult, especially in patients with previous upper abdominal operations and severe portal hypertension. The ligamentous attachments of the liver are divided, followed by skeletonization of the hilar structures (bile duct, hepatic artery, and portal vein) to prepare for implantation of the new liver. The inferior vena cava (IVC) is encircled above and below the liver to achieve full vascular control. Committing the patient to transplant, the bile duct and hepatic artery are divided. Vascular clamps are placed on the portal vein and the IVC below and above the liver, and the liver is removed by transecting the portal vein and the IVC. The retrohepatic IVC is removed with the liver. The donor liver is surgically prepared for implantation on the back table. Anastomoses are constructed between the donor liver and the recipient patient in the following sequence: suprahepatic IVC, infrahepatic IVC, and portal vein anastomosis. Once the portal vein is anastomosed, the clamps are removed in sequence and the liver is perfused with portal venous inflow. Some centers use venous-venous bypass, and other centers never use it, but most centers use venous-venous bypass in selected patients, especially for a difficult hepatectomy (hemorrhage, cardiovascular instability). Venous-venous bypass requires cannulation of a lower extremity vein (typically the femoral vein), an upper extremity or neck vein, and the portal vein. This circuit allows decompression of the portal venous system and maintenance of cardiac preload during the anhepatic phase [9] . The hepatic artery is typically connected to the recipient hepatic artery. Donor iliac arteries are routinely harvested during the donor procedure. These arteries can be used to construct a conduit between the recipient aorta and the donor hepatic artery or celiac axis. Once the liver is arterialized and the hepatic artery demonstrates satisfactory flow, hemostasis is achieved, and the bile duct is reconstructed using an end-toend choledochocholedochostomy. If the recipient bile duct is not appropriate for end-to-end reconstruction, a Roux-en-Y choledochojejunostomy is performed.
Alternative Technique
Piggyback Procedure
The recipient hepatectomy can be altered to leave the recipient retrohepatic IVC in situ. The donor IVC is then anastomosed side-to-side to the recipient IVC, and the remaining structures are anastomosed in the standard fashion [10] .
Split-Liver Procedure
The use of split livers has become an option for selected donor livers for most liver recipients. The liver is typically split along the falciform ligament separating the left lateral segment (Couinaud segments II and III) from the remaining liver. The main hilar vascular and biliary structures are retained with the right side of the liver. The left lateral segment is typically transplanted into a child and the remaining liver is transplanted into an adult. In this procedure, it is important to secure hemostasis at the cut hepatic surface and to check carefully for biliary leaks at this surface. Split-liver transplants, when performed on properly selected recipients using suitable donor livers, have survival results comparable with whole livers, but have a slightly higher rate of surgical complications [11, 12] .
Postoperative Care
Major considerations in the immediate postoperative period include liver function, postoperative bleeding, and general considerations.
Liver Function
Indicators of good early graft function include normalization of prothrombin time and transaminase levels. In addition, clearance of lactic acidosis, awakening from the anesthetized state, and good renal function provide further affirmation of liver function. Primary nonfunction of the graft will lead to graft failure and need for retransplantation [13] .
Postoperative Bleeding
Significant coagulopathy can be present following hepatic revascularization, attributed to fibrinolysis, heparin-like effect, thrombocytopenia, and coagulation factor deficiencies. Usually, coagulopathy is reversed by the time of abdominal closure with a functioning graft. If ongoing bleeding, despite correction of coagulopathy and rewarming of the patient, is suspected, especially if hemodynamic instability and oliguria are present, the patient should undergo reoperation to evacuate a hematoma and to identify and stem the ongoing bleeding. Postoperative bleeding is high in the differential diagnosis of early postoperative hypotension and oliguria.
General Consideration
Pulmonary management consists of standard ventilatory support. Pulmonary complications are common in the postoperative period because of the large surgical incision, the debilitated state of the patient, and frequent pleural effusions. Pulmonary care is highly important following extubation. Laboratory testing includes careful attention to the serum levels of glucose and electrolytes. In addition to attention to sodium and potassium levels, magnesium levels are typically low and magnesium supplementation is required. The ionized calcium level should be frequently determined and normalized. The transaminase levels and prothrombin time should normalize during the first 24 h. In some centers, a baseline Doppler ultrasound to assess patency of the hepatic artery is performed within the first 24 h after transplantation.
Liver Function Abnormality
Vascular Complications
Hepatic artery thrombosis is the most common vascular complication after liver transplantation [14] . Hepatic artery thrombosis presents with various liver test abnormalities, including very subtle elevations in the serum transaminases, and may not be diagnosed in the early postoperative period and manifest later with biliary complications, such as bile leaks, bilomas, liver abscesses, and biliary strictures . An abnormal trend in liver function tests should be investigated immediately with Doppler ultrasound and, if the hepatic arterial signal is not clearly seen, a hepatic arteriogram and radiologic or operative intervention should be performed. Retransplantation may be necessary, especially if liver function is severely compromised in the early postoperative period. Hepatic artery thrombosis is usually related to technical complications. Optimal flow should be ensured during implantation, even using quantitative measurements, to avoid this complication [15] . Portal venous thrombosis is uncommon, but can occur in the setting of significant portal vein stenosis or previous portal vein thrombosis in the recipient, especially in the pediatric recipient. Typically, severe elevations in the serum transaminase levels occur early postoperatively. Ascites is a manifestation of delayed portal vein thrombosis. Also, acute portal hypertension manifested by variceal bleeding should alert the clinician to possible acute portal vein thrombosis. In the acute setting, thrombectomy should be attempted to try to save the graft, although retransplantation may be necessary. Venous outflow obstruction causing a Budd-Chiari-like congestion of the liver can occur. In the early postoperative period, a significant elevation in the transaminase levels results from the acute congestion, requiring surgical correction, whereas delayed manifestations consist primarily of ascites and manifestations of portal hypertension, which may be addressed by endovascular techniques.
Biliary Tract Complications
Anastomotic biliary leaks can occur early postoperatively, resulting in localized or generalized peritonitis. Biliary output from the drains and elevation in serum bilirubin disproportionate with the elevation of the other liver function tests raise this diagnostic possibility. Early leaks are best treated by reoperation and revision to a Roux-en-Y choledochojejunostomy. Localized leaks may be treated with endoscopic retrograde cholangiopancreatography (ERCP) and stenting [16] . Delayed complications include bile duct anastomotic strictures and intrahepatic biliary strictures, sometimes related to hepatic artery thrombosis. These strictures are usually dilated and stented at ERCP. When these interventions fail, biliary reconstruction with a Roux-en-Y choledochojejunostomy may be necessary. Dysfunctional motility of the bile duct and sphincter of Oddi may cause functional obstruction without mechanical obstruction [17] . These problems manifest later in the postoperative period. Also, biliary casts and stones can form, especially with prolonged ischemia, and cause biliary obstruction requiring ERCP intervention.
Rejection
Rejection can occur in the first few days after transplantation, especially if induction immunosuppressive therapy is not used. The liver function test abnormalities can be hepatocellular or cholestatic. Diagnosis is made by liver biopsy because the clinical signs and symptoms of rejection (including fever, elevation of the bilirubin or transaminase levels, malaise, and increased ascites) are highly variable, nonspecific, and unreliable. Acute cellular rejection usually occurs between the fourth and fourteenth days after transplantation and rarely occurs more than 3 months after transplantation. Some patients are asymptomatic, whereas others experience profound symptoms caused by liver allograft failure. The diagnosis of allograft rejection is confirmed by histologic examination of a liver biopsy. Classic histologic findings include a portal infiltrate consisting of mixed inflammatory cells. The presence of eosinophils, lymphocyte-mediated bile duct injury, and endothelialitis can be diagnostic. 
Postoperative Care
Immunosuppression
Baseline immunosuppression is instituted in the immediate postoperative period. It typically consists of a calcineurin inhibitor, either cyclosporine or tacrolimus, mycophenolate mofetil, and corticosteroids. Corticosteroids are administered initially as intravenous, and switched to oral prednisone once the patient tolerates oral feedings [18] . In addition to immunosuppressive agents, prophylaxis is initiated against Pneumocystis carinii pneumonia and against cytomegalovirus. Antifungal prophylaxis is achieved with swish and swallow of a nystatin suspension or other similar topical antifungals. Fluconazole or itraconazole can be used in the early postoperative period for prophylaxis against systemic fungal infections. Standard antibacterial prophylaxis necessitates coverage of gram-negative and anaerobic agents typically present in bile.
Early Outpatient Care
When the patient tolerates an oral diet and can ambulate, he or she can be discharged and closely followed in an outpatient clinic. Typically, blood work is obtained three times weekly, and the patients are examined weekly, according to a standard, established protocol. At clinic visits the patient's medications are carefully reviewed to avoid errors. Abnormalities of liver function tests or of other laboratory tests are investigated. The standard evaluation of abnormal liver function tests includes an abdominal ultrasound with Doppler examination to look for hepatic vascular patency, dilatation of the biliary tree, and abnormalities within the hepatic parenchyma, such as liver abscesses. If the abdominal ultrasound is unremarkable, the next step usually consists of percutaneous liver biopsy to exclude rejection or infection. The immunosuppressive agents have side effects. Side effects of the calcineurin inhibitors include nephrotoxicity, neurotoxicity, hyperkalemia, hypomagnesemia, hypertension, and tremor. Tacrolimus can also induce new-onset diabetes, and is more prone to cause abdominal pain and diarrhea than cyclosporine. Both calcineurin inhibitors are metabolized through the cytochrome P-450 system. Their serum levels are increased by erythromycin; antifungal agents, such as ketoconazole, fluconazole, and itraconazole; and calcium channel blockers, such as diltiazem, verapamil, and nicardipine. Drugs that decrease their serum levels include antiseizure medications, such as phenytoin, phenobarbital, and carbamazepine, and many antituberculosis medications, such as isoniazid, rifampin, and rifabutin. Twelve-hour serum trough levels are measured and monitored closely to guide the dosage of administration. Azathioprine and mycophenolate mofetil primarily cause leukopenia. The dosage of these agents must be adjusted according to the leukocyte count. The availability of granulocyte colony-stimulating factor and granulocyte macrophage colony-stimulating factor has made leukopenia much easier to manage in these patients.
Live-Donor Liver Transplantation
During the past decade, the gap between the number of adult patients who need liver transplantation and the number of donated organs has greatly increased all over the world. In India cadaver donation is still a rarity. Attempts to address the inadequate supply of donor organs for transplant have included the use of marginal donors (old age, poor hemodynamics, or chronic viral infection). Living donors have also been used to address this need. In India majority of the transplant being done is from living donors. Use of a living donor graft was first used for pediatric recipient more than a decade ago [10] . This option decreases the waiting list mortality, and produces excellent recipient results with a low risk of morbidity and mortality in the donor. This concept was extended to adult LDLT [11] . The adult LDLT procedure usually involves transplantation of the right hepatic lobe from an adult donor to the recipient. Potential donors are blood group compatible and are completely healthy. Their hepatic size and anatomy should also be compatible with right lobe liver transplantation. Donor surgery involves removal of the right lobe with or without the middle hepatic vein. Once harvested liver lobe is flushed with preservative fluid and venous reconstruction is done and prepared for implantation. The recipient operation involves IVC preserving hepatectomy and anastomosis of donor right side vascular and biliary structures to corresponding recipient structures.
Summary
Quality-of-life studies have shown that most patients have an excellent quality of life following transplantation, with 1-year patient survival at 90 % and 5-year patient survival at 75 %. De novo malignancies and recurrence of native disease, however, remain as significant challenges. The most significant current hurdle is a dramatic donor organ shortage, although living donor transplants are being increasingly used. The discrepancy between needy recipients and available organ donors necessitates more aggressive and innovative management algorithms for the complications of cirrhosis.
